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DESCRIPTION 

ROOM-TEMPERATURE MOLTEN SALT, 
PROCESS FOR PRODUCING THE SAME AND APPLICATIONS THEREOF 

5 

TECHNICAL FIELD 
The present invention relates to a room- 
temperature molten salt obtainable by mixing l^wo or more 
organic salts, a process for producing the same, and use 
10 of the same. 

BACKGROUND ART 
Room-temperature molten salts have relatively 
high electric conductivity, a wide potential window and 

15 unique characteristics not possessed by conventional 
electrolyte systems, i.e., nonf lammability and 
nonvolatility . Thus, researchers have been studying the 
possibility of using room-temperature molten salts as 
battery electrolytes. Moreover, room-temperature molten 

20 salts have high polarity and can dissolve a variety of 
organic and inorganic compounds, and therefore room- 
temperature molten salts are being studied as 
environmentally friendly ^^green" solvents to be used in 
organic and inorganic reactions, catalytic reactions, 

25 biochemical reactions, liquid-liquid extraction and 
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separation, electrochemistry and other fields. 

However, many room-temperature molten salts have 
a relatively high melting point, and while are liquid at 
room temperature, are solidified with a decrease in 
5 temperature. To expand their applications, organic salts 
with a much lower melting point are demanded. 

Generally, the synthesis process for a room- 
temperature molten salt comprises two steps. As shown in 
the following reaction scheme, the first step is a 

10 quaternarization reaction, and the subsequent second step 
is anion exchange. For example, the process may comprise 
the steps of reacting an imidazole derivative with an 
alkyl halide (R^X) to form an imidazolium salt, and then 
exchanging its anion for an anion (Y") that has an 

15 appropriate capability for forming a molten salt. 

u ' R X ^ ^ ^ MY K ' ^ 

R^-N R'^-N^-R^ R^-N-^-R^ + MX 

R*^ R*^ X- R^ Y- 

However, since room-temperature molten salts are 

liquid but nonvolatile, they cannot be distilled and have 

problems with purification. For example, in order to 

20 efficiently separate the salt (MX) , which is a by-product 

in the process of the above reaction scheme, the following 

methods were proposed: a method using an expensive silver 

salt (J. Chem. Soc, Chem. Commun. (1992), 96); a method 

using the difference in solubilities (Japanese Unexamined 
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Patent Publication No. 1996-259543); and methods 
comprising the step of neutralizing a tertiary amine with 
an organic acid to give an onium salt by protonation 
(Electrochem. Acta, 45, 1291 (2000); J. Electrochem. Soc, 
5 147, 4168 (2000); Electrochem. Solid-State Lett., 4, E25 
(2001); etc.). The methods using salt exchange or 
solubility differences are disadvantageous in view of cost 
and efficiency. The method of synthesizing a protonated 
onium salt is easy and simple, but the protonated onium 
10 salt has lower performance than alkylated onium salts. 

DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide 
a room-temperature molten salt that is obtainable by 
15 mixing two or more organic salts and that has a 

solidifying point lower than the solidifying point (or 
melting point) of any of the individual organic salts, a 
process for producing the same, and use of the same. 

The present inventors conducted extensive 
20 research to solve the above problems and found that the 
above object can be achieved by mixing two or more 
specific organic salts. By expanding this finding, the 
inventors accomplished the present invention. 

The present invention provides the following 

25 items: 



I I 
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1. A room-temperature molten salt comprising a 
mixture of two or more organic salts with different 
anionic moieties and different organic cationic moieties, 
the room-temperature molten salt having a solidifying 

5 point lower than that of any of the individual organic 
salts. 

2. A room-temperature molten salt according to 
item 1, wherein the two or more organic salts are selected 
from the group consisting of the organic salts represented 

10 by formulae (I), (II), (III) and (IV) : 

Tj3a 

A JL , X,- a) ^v©f X- (II) 

l>6a v^Oa^ T>9a 



R 



12 



Rl5_N_Rl3 

I X," 



aii) 



R 



16 



R19-P— Rl7 
r18 



(IV) 



15 wherein R^*' to R^^, r''^, R^* and R^°^ are the same or 

different and each represents a hydrogen atom, a halogen 
atom, an alkyl group, a cycloalkyl group, a heterocyclic 
group, a haloalkyl group, an aralkyl group, an aryl group, 
an alkoxy group, an aryloxy group or an aralkyloxy group; 

20 R®* is a hydrogen atom, an alkyl group, a cycloalkyl group. 
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a heterocyclic group, a haloalkyl group, an aralkyl group 
or an aryl group; R^^, R^^^, R^^, R^^, R^S R^^, R^^, R^"', R^^ 
and R"*^^ are the same or different and each represents an 
alkyl group, a cycloalkyl group, a heterocyclic group, a 
5 haloalkyl group, an aralkyl group or an aryl group; two 
groups selected from R**"^, R^^, R^^ and R"^^ may be linked at 
their ends to form, together with the adjacent nitrogen 
atom, a nitrogen-containing aliphatic heterocycle; two 
groups selected from R^^, R^^, R^° and R^^ may be linked at 
10 their ends to form, together with the adjacent phosphorus 
atom, a phosphorus-containing aliphatic heterocycle; and 
Xi", X2~, X3" and X4" are each a conjugate base of a 
Bronsted acid. 

3. A room-temperature molten salt according to 
15 item 1 or 2, wherein at least one of the two or more 

organic salts is a solid at room temperature. 

4 . A room-temperature molten salt according to 
item 1 or 2, wherein all of the two or more organic salts 
are solids at room temperature . 

20 5. A room-temperature molten salt according to 

item 1 or 2, wherein at least one of the two or more 
organic salts is selected from the group consisting of the 
organic salts represented by formulae (V) and (VI) : 



25 




wherein to R^, R^, R^ and R^° are the same or different 
and each represents a hydrogen atom, a halogen atom, an 
alkyl group, a cycloalkyl group, a heterocyclic group, a 
haloalkyl group, an aralkyl group, an aryl group, an 
alkoxy group, an aryloxy group or an aralkyloxy group; R® 
is a hydrogen atom, an alkyl group, a cycloalkyl group, a 
heterocyclic group, a haloalkyl group, an aralkyl group or 
an aryl group; R^ and R^^ are the- same or different and 
each represents a Ci-io alkyl group in which at least one 
hydrogen atom is substituted by fluorine; and Xi" and X2~ 
are each a conjugate base of a Bronsted acid, 

6. A room-temperature molten salt according to 
item 5, wherein all of the two or more organic salts are 
selected from the group consisting of the organic salts 
represented by formulae (V) and (VI) • 

7 . A room-temperature molten salt according to 
item 5 or 6, wherein at least one of the two or more 
organic salts is a solid at room temperature. 

8 . A room-temperature molten salt according to 
item 5 or 6, wherein all of the two or more organic salts 
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are solids at room temperature. 

9. A room-temperature molten salt according to 
any one of items 5 to 8, wherein, in formulae (V) and (VI), 

to R^, R^, R^ and R^° are the same or different and each 
5 represents a hydrogen atom, a halogen atom, an alkyl group 
or a haloalkyl group; R® is an alkyl group; R^ and R^^ are 
the same or different and each represents a group of the 
formula -CH2R^^ wherein R^^ is a straight- or branched- 
chain C1-9 alkyl group in which at least one hydrogen atom 
10 is substituted by fluorine. 

10. A room-temperature molten salt according to 
item 6, wherein all of the two or more organic salts are 
selected from the group consisting of the organic salts 
represented by formula (V) and are solids at room 

15 temperature. 

11. A room-temperature molten salt according to 
item 6, wherein all of the two or more organic salts are 
selected from the group consisting of the organic salts 
represented by formula (VI) and are solids at room 

20 temperature. 

12. A room-temperature molten salt according to 
item 6, wherein the two or more organic salts are at least 
one organic salt that is selected from the group 
consisting of the organic salts represented by formula (V) 

25 and is a solid at room temperature, and at least one 
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organic salt that is selected from the group consisting of 
the organic salts represented by formula (VI) and is solid 
at room temperature. 

13. A room-temperature molten salt according to 
5 item 6, wherein the two or more organic salts are two 

organic salts that are selected from the group consisting 
of the organic salts represented by formulae (V) and (VI) 
and that are solids at room temperature; one of the 
organic salts having an anionic moiety represented by the 
10 formula 

(RfS02)2N" or (Rf SO2) (Rf ' SO2) N" 

wherein Rf and Rf are different and each represents a 
polyf luoroalkyl group; and 

the other of the organic salts having an anionic moiety 
15 represented by the formula 
Rf'SOa" 

wherein Rf" is a polyf luoroalkyl group. 

14. A room-temperature molten salt obtainable 
by mixing two or more organic salts with different anionic 

20 moieties and different organic cationic moieties, the 

room-temperature molten salt having a solidifying point 
lower than that of any of the individual organic salts. 

15. A process for producing a room-temperature 
molten salt, comprising mixing two or more organic salts 

25 with different anionic moieties and different organic 
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cationic moieties, the room-temperature molten salt having 
a solidifying point lower than that of any of the 
individual organic salts. 

16. A process according to item 15, wherein the 
5 two or more organic salts are selected from the group 

consisting of the organic salts represented by formulae 
(I) to (IV) . 

17. A process according to item 15 or 16, 
wherein at least one of the two or more organic salts is a 

10 solid at room temperature. 

18. A process according to item 15 or 16, 
wherein all of the two or more organic salts are solids at 
room temperature. 

19. A process according to item 15, wherein the 
15 two or more organic salts are selected from the group 

consisting of the organic salts represented by formulae 
(V) and (VI) and are solids at room temperature. 

20. An electrolytic solution comprising a room- 
temperature molten salt according to any one of items 1 to 

20 14 . 

21. A battery comprising an electrolytic 
solution according to item 20, a positive electrode, a 
negative electrode and a separator. 

22. A battery according to item 21, which is a 
25 nonaqueous lithium secondary battery. 



23. A solvent for use in organic reaction 
solvent comprising a room-temperature molten salt 
according to any one of items 1 to 14, 

24. An extraction solvent comprising a room- 
temperature molten salt according to any one of items 1 to 
14. 

25. A capacitor comprising an electrolyte or 
electrolytic solution that comprises a room-temperature 
molten salt according to any one of items 1 to 14. 

26. An electric double layer capacitor 
comprising an electrolyte or electrolytic solution that 
comprises a room-temperature molten salt according to any 
one of items 1 to 14. 

27. A dye-sensitized solar cell comprising a 
room-temperature molten salt according to any one of items 
1 to 14. 

28. A fuel cell comprising a room-temperature 
molten salt according to any one of items 1 to 14. 

29. A polymer electrolyte fuel cell comprising a 
room-temperature molten salt according to any one of items 
1 to 14. 

The present invention is described below in 

detail . 
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Room-temperature molten salt of the present invention 

With respect to the room-temperature molten salt 
of the present invention, ^^room temperature'' is in the 
range of from about 20*^0 to about 30°C. In the present 
5 invention, an ^^organic salt that is a solid at room 
temperature" means an organic salt that is in a solid 
state in the temperature range of about 20°C to about 30°C, 
and ^^room-temperature molten salt'' means an organic salt 
that is in a liquid state in the temperature range of 

10 about 20°C to about 30''C. The above-mentioned 
temperatures are all at atmospheric pressure. 

The room-temperature molten salt of the 
present invention is produced by mixing two or more 
organic salts that are different from each other both in 

15 anionic moiety and cationic moiety. The room-temperature 
molten salt exhibits a much lower solidifying point than 
the . solidifying points (or melting points) of the 
individual starting organic salts, and is obtained as a 
mixed organic salt that is liquid at room temperature. 

20 Namely, the room-temperature molten salt is characterized 
in that the salt is produced by mixing two or more organic 
salts with different anionic moieties and different 
cationic moieties, and thereby has a much lowered 
solidifying point than the individual organic salts. 

25 As used herein, ^^anionic moiety" means a 
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negatively charged component that constitutes a part of 
the each organic salt, and ^^cationic moiety" means a 
positively charged component that constitutes a part of 
each organic salt. As mentioned hereinafter, cationic 
5 moieties are organic. 

Specifically, the room-temperature molten salt 
of the present invention can be obtained by mixing two or 
more organic salts selected from the group consisting of 
the organic salts represented by formulae (I), (II), (III) 

10 and (IV) . In particular, to obtain the room-temperature 

molten salt of the present invention in high purity, it is 
preferable that at least one of the two or more starting 
organic salts is a solid at room temperature, and more 
preferably, all of the individual organic salts are 

15 solids at room temperature. 

It is preferable that at least one, and more 
preferably all of the two or more starting organic salts 
are selected from the group consisting of the organic 
salts represented by formulae (V) and (VI) . Also in this 

20 case, at least one of the two or more organic salts is 
preferably a solid at room temperature, and more 
preferably all of the organic salts are solids at room 
temperature . 

Further, the room-temperature molten salt of the 
25 present invention can be obtained by mixing two or more 
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organic salts selected from the group consisting of the 
organic salts represented by formula (V) . Of the two or 
more starting organic salts, preferably at least one, and 
more preferably all are solids at room temperature. 

Furthermore, the room-temperature molten salt of 
the present invention can be obtained by mixing two or 
more organic salts selected from the group consisting of 
the organic salts represented by formula (VI). Of the two 
or more starting organic salts^ preferably at least one, 
and more preferably all are solids at room temperature. 

Moreover, the room-temperature molten salt of 
the present invention can be obtained by mixing at least 
one organic salt that is selected from the group 
consisting of the organic salts represented by formula (V) 
and is a solid at room temperature, and at least one 
organic salt that is selected from the group consisting of 
the organic salts represented by formula (VI) and is a 
solid at room temperature. 

The substituents in formulae (I) to (IV) are 
as defined above, and examples thereof are as follows. 
(i) R'^ to R^^ and R^^^ 

Examples of halogen atoms include fluorine, 
chlorine, bromine and iodine atoms. 

Examples of alkyl groups include straight- or 
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branched-chain Ci-io alkyl groups, and preferable are 
straight- or branched-chain Ci-e alkyl groups such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, n-hexyl, neopentyl, 
5 isohexyl, etc. 

Examples of cycloalkyl groups include Ca-io 
cycloalkyl groups, and preferable are C3-6 cycloalkyl 
groups such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, etc. 

10 Examples of heterocyclic groups include three- 

to six-membered aliphatic and aromatic mono-heterocyclic 
groups with at least one hetero atom selected from the 
group consisting of nitrogen atoms, oxygen atoms and 
sulfur atoms. Specific examples include aziridinyl, 

15 pyrrolidinyl, piperidyl, piperazinyl, morpholinyl, 
tetrahydropyranyl, pyridyl, furyl, thienyl, etc. 
Substituent (s) may be bonded to such heterocyclic groups. 
Examples of substituents include fluorine, chlorine and 
like halogen atoms; methyl, ethyl and like alkyl groups; 

20 trif luoromethyl and like haloalkyl groups; methoxy, ethoxy 
and like alkoxy groups; phenyl and like aryl groups; etc. 

Examples of haloalkyl groups include alkyl 
groups in which at least one hydrogen atom is substituted 
by halogen, and preferable are straight- or branched-chain 

25 Ci-10 alkyl groups in which at least one hydrogen atom is 
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substituted by fluorine. Specific examples include 
trif luoromethyl, trif luoroethyl, trichloroethyl, 
tetraf luoroethyl , perf luoroethyl , perf luoropropyl , 
perf luoroisopropyl, perf luorobutyl, perf luorohexyl, 
5 perf luorooctyl, perf luorodecyl, 2- (perf luorooctyl) ethyl, 
IH, IH, 3H-tetraf luoropropyl, IH, IH, 5H-octaf luoropentyl, etc. 
Among these, especially preferable are Ci-e straight- or 
branched-chain alkyl groups in which at least one hydrogen 
atom is substituted by fluorine, such as trif luoromethyl, 

10 trif luoroethyl , trichloroethyl , tetraf luoroethyl , 

perf luoroethyl , perf luoropropyl , perf luoroisopropyl, 
perf luorobutyl, perf luorohexyl, etc . 

Examples of aralkyl groups include C7-10 aralkyl 
groups. Specific examples include 2-phenylethyl, benzyl, 

15 1-phenylethyl, 3-phenylpropyl, 4-phenylbutyl, etc. 

Examples of aryl groups include phenyl groups, 
naphthyl groups, etc. Substituent (s) may be bonded to 
such aryl groups. Examples of substituents include 
fluorine, chlorine and like halogen atoms; methyl, ethyl 

20 and like. alkyl groups; trif luoromethyl and like haloalkyl 
groups; methoxy, ethoxy and like alkoxy groups; phenyl and 
like aryl groups; etc. 

Examples of alkoxy groups include straight- or 
branched-chain Ci-10 alkoxy groups, and preferable are 

25 straight- or branched-chain Ci-e alkoxy groups such as 
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methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, hexyloxy, 
etc . 

Examples of aryloxy groups include phenoxy, 
5 naphthyloxy and like groups. 

Examples of aralkyloxy groups include C7-10 
aralkyloxy groups, and specific examples include 2- 
phenylethyloxy, benzyloxy, 1-phenylethyloxy, 3- 
phenylpropyloxy , 4-phenylbutyloxy, etc . 
10 (ii) R^^ 

Examples of alkyl, cycloalkyl, heterocyclic, 
haloalkyl, aralkyl and aryl groups are as described above. 
(iii) R^"% R^S R^^ and R^^ 

Examples of alkyl, cycloalkyl, heterocyclic, 

15 haloalkyl, aralkyl and aryl groups are as described above. 

When R^^ and R^^^ are haloalkyl groups, Ci-10 alkyl 
groups in which at least one hydrogen atom is substituted 
by fluorine are preferable. Examples of such haloalkyl 
groups include straight- or branched-chain Ci-10 

20 perf luoroalkyl groups, straight- or branched-chain Ci-10 
polyf luoroalkyl groups, etc. Specific examples of 
straight- or branched-chain Ci-10 perf luoroalkyl groups 
include perf luoroethyl, perf luoropropyl , perf luorobutyl, 
perf luoropentyl , perf luorohexyl , perf luoroheptyl , 

25 perf luorooctyl, perf luorononyl, perf luorodecyl, etc. 
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Examples of straight- or branched-chain Ci-io 
polyf luoroalkyl groups include the above-mentioned alkyl 
groups in which at least one hydrogen atom is substituted 
by fluorine. Specific examples of such polyf luoroalkyl 
5 groups include CF3CH2/ CF3CF2CH2, CF3CF2CF2CH2, CF3CF2 (CH2) 6f 
HCF2CF2CH2, HCF2CF2CF2CF2CH2, H (CF2) 6CH2, CF3CHFCF2CH2, 
(CF3)2CH, (CF3)2CHCH2, ( CF3) 2C {CH3) CH2, etc. 

Particularly preferable examples of and R''^^ 
include groups represented by the formula -CH2R'*'^ wherein 

10 R^^ is a straight- or branched-chain C1-9 alkyl group in 
which at least one hydrogen atom is substituted by 
fluorine. Preferable examples of R^^ include straight- or 
branched-chain Ci-e alkyl groups in which at least one 
hydrogen atom is substituted by fluorine, such as 

15 f luoromethyl, dif luoromethyl, trif luoromethyl , 

perf luoroethyl, perf luoropropyl, CF3CF2 (CH2) 5/ HCF2CF2/ 
■H(CF2)4r H(CF2)6/ (CF3)2CH, CF3CHFCF2, etc. 

When two groups selected from R**"^, R"^^, R"^^ and 
R''"^ are linked at their ends to form, together with the 

20 adjacent nitrogen atom, a nitrogen-containing aliphatic 

heterocycle, examples of the nitrogen-containing aliphatic 
heterocycles include three- to ten-membered nitrogen- 
containing aliphatic heterocycles, and specific examples 
include aziridine, pyrrolidine, piperidine, morpholine, 

25 perhydro-2H-azepine, etc. 
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When two groups selected from R*^^, R^^, R^® and 
R-^^ are linked at their ends to form, together with the 
adjacent phosphorus atom, a phosphorus-containing 
aliphatic heterocycle, the phosphorus-containing aliphatic 
5 heterocycle may be, for example, a three- to ten-membered 
phosphorus-containing aliphatic heterocycle . Specific 
examples include phosphirane, phosphetane, phosphol, etc. 
(vi) Xi", X2", X3" and xr 

Xi", X2~/ X3~ and X4" each represent an anionic 

10 moiety of the individual starting organic salts. The 
anionic moiety is a conjugate base of a Bronsted acid. 
Examples of such Bronsted acids include Bronsted acids 
with strong acidity, such as sulfuric acid; monomethyl 
sulfate, monoethyl sulfate and like sulfuric acid 

15 monoesters; methansulf onic acid, ethanesulf onic acid, 

chlorosulf onic acid, f luorosulf onic acid, benzenesulf onic 
acid, toluenesulf onic acid, nitrobenzenesulf onic acid, 
trichloromethanesulf onic acid, acids represented by the 
formula Rf'SOaH wherein Rf" is a polyf luoroalkyl group, 

20 and like sulfonic acids; sulfonimides represented by the 
formula (RfS02)2NH or (RfSOa) (Rf'S02)NH wherein Rf and Rf 
are different and each represents a polyf luoroalkyl group; 
formic acid, acetic acid, butyric acid, valeric acid, 
trif luoroacetic acid, perf luorobutyric acid, 

25 perf luorooctanoic acid, 3H-octaf luorobutyric acid. 
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trichloroacetic acid and like carboxylic acids; 
HB{OCOCF3)4/ HB(OCOC2F5)4/ HBPh4, HB(C6F5)4, HB (P-CF3C6H4) 4/ 
HB[3,5-(CF3)2C6H3] , HC(S02CF3)3/ HC(S02C2F5)3 and like 
organic acids; HBF4^ HPFe, HSbFs/ HAsFe, HBCI4/ HBCI3F, 
5 HSbCle/ HSbClsF, HCIO4, HNO3, HAICI4, HAI2CI7 and like 
inorganic acids; etc. 

The polyf luoroalkyl groups represented by Rf, 
Rf ' and Rf" may be the same or different and may be 
independently a straight- or branched-chain Ci-e 

10 perf luoroalkyl group or a straight- or branched-chain Ci-e 
alkyl group in which at least one hydrogen atom is 
substituted by fluorine. Specific examples include 
trif luoromethyl, pentaf luoroethyl, trif luoroethyl, 
perf luoropropyl, perf luorobutyl, etc. 

15 Examples of acids represented by the formula 

Rf'SOsH include C4F9SO3H, CF3SO3H, CF3CF2SO3H, CF3CH2SO3H, 
HCF2CF2CH2SO3H, C6F13SO3H, HCF2CF2CF2CF2SO3H, etc. 

Examples of sulfonimides include (CF3S02)2NH, 
(C2F5SO2) 2NH, (C4F9S02)2NH, (CF3SO2) (C4F9S02)NH, 

20 (C2F5SO2) {C4F9S02)NH, (HCF2CF2S02)2NH, (CF3CH2SO2) {C4F9S02)NH, 
etc. 

As mentioned above, the organic salts for use as 
the starting materials of the room-temperature molten salt 
of the present invention all have different anionic 
25 moieties (conjugate bases of Bronsted acids) . 
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Preferable organic salts for use as starting 
materials include organic salts of formulae (V) and (VI) 
wherein to R^, R^, R^ and R^^ are the same or different 
and each represents a hydrogen atom, a halogen atom, an 
5 alkyl group or a haloalkyl group; R® is an alkyl group; R* 
and R^^ are the same or different and each represents a 
group represented by the formula -CH2R"^^ wherein R^^ is a 
straight- or branched-chain C1-9 alkyl group in which at 
least one hydrogen atom is substituted by fluorine. 

10 With respect to the substituents of the organic 

salts of formulae (V) and (VI), examples of R^ to R^, R^, 
R^ and R^ and R^° are the same as those of R^^ to R^^, r'^^, 
R®^, R^^ and R^°^, respectively. 

In R^ and R^^ represented by the formula -CHaR^^ 

15 wherein R^^ is a straight- or branched-chain C1-9 alkyl 

group in which at least one hydrogen atom is substituted 

by fluorine, preferable examples of R^^ include 

f luoromethyl, dif luoromethyl, trif luoromethyl, 

perf luoroethyl, perf luoropropyl , CF3CF2 (CH2) 5^ HCF2CF2, 

20 H(CF2)4/ H(CF2)6f (CF3)2CH, CF3CHFCF2 and like straight- or 
branched-chain Ci-e alkyl groups in which at least one 
hydrogen atom is substituted by fluorine. 

Preferably, the room-temperature molten salt of 
the present invention is obtained by mixing two or more 

25 organic salts that are selected from the group consisting 



-21- 

of the organic salts represented by formulae (V) and (VI) 
and are solid at room temperature. It is particularly 
preferable to obtain the room-temperature molten salt by 
mixing two organic salts that are selected from the group 
5 consisting of the organic salts represented by formulae 
(V) and (VI) and are solid at room temperature. 
Preferable examples of the two organic salts include the 
combination of an organic salt with an anionic moiety 
represented by the formula 
10 (RfS02)2N" or (RfSOa) (Rf 'S02)N' 

wherein Rf and Rf are different and each represents a 
polyf luoroalkyl group, and an organic salt with an anionic 
moiety represented by the formula 
Rf'SOa" 

15 wherein Rf is a polyf luoroalkyl group. 

Of the room-temperature molten salts according 
to the present invention, preferable are those obtained by 
mixing organic salts selected from the following <organic 
salts>, and those obtained by mixing two or more organic 

20 salts selected from the following <organic salts>. In 
particular, room-temperature molten salts obtained by 
mixing two or three organic salts selected from the 
following <organic salts> are preferable. The following 
<organic salts> are preferably solids at room temperature. 

25 ^^Tf"" in the organic salts means a 



-22- 

trif luoromethanesulf onyl group (CF3SO2-) . 
<Organic salts> 

(CF3S02)N- O pp.- O BP, o B(OCOCF3)4- 

N N N N N 

CH2CF3 CH2CF3 CH2CF2CF2CF3 CH2CF3 CH2CF2CF2H 

Cj Tfa' jPl"^^^' O C104- XJ b(ococf3)4- JO (cf3S02)n- 

H3C"^N*^CH3 ^ HsC T C1^N+ 

CH2CF3 ^ CH2CF3 ^ CH2CF3 ^ CH2CF2CF2H ^ CH2CH(CF3)2 

V (CF3S02)N- TfO- B(OCOCF3)4- 

CH2CF3 ^ CH2CF2CF2H CH2CH(CF3)2 



Process for producing the room-temperature molten salt of 
the present invention 

The starting organic salts of formulae (I) to 
{VI ) for the room-temperature molten salt of the present 
invention can be synthesized by, for example, the 
processes described in Inorg. Chem. (1996) 35, 1168, and 
Bull. Chem. Soc. Jpn., (1991) 64, 2008. 

The room-temperature molten salt of the present 
invention is produced by mixing two or more organic salts 
with different anionic moieties and different organic 
cationic moieties. In the production process, the mixing 
ratio of the two or more organic salts selected from the 
group consisting of the organic salts represented by 
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formulae (I) to (VI) is not limited, and is suitably 
selected so that the organic salts can be mixed to form a 
uniform liquid. A suitable mixing ratio is, for example, 
100 parts by weight of one of the organic salts and about 
5 1 to about 1000 parts by weight, preferably about 10 to 
about 500 parts by weight, and more preferably about 30 to 
about 300 parts by weight of each of the other organic 
salts. In order to obtain a room-temperature molten salt 
with a low solidifying point, it is preferable to mix 
10 approximately equal weights of the two or more organic 
salts . 

The solidifying point of the room-temperature 
molten salt of the present invention varies with the types 
and mixing ratio of the starting organic salts, and is 

15 usually about lO^C lower, preferably about 20°C lower, 
more preferably about 50°C lower, and particularly 
preferably 80®C lower, than the organic salt with the 
lowest solidifying point of all the starting organic salts 
used. For example, when the room-temperature molten salt 

20 is produced by mixing approximately equal weights of two 
organic salts that are selected from the group consisting 
of the organic salts represented by formulae (V) and (VI) 
and are solids at room temperature, the room-temperature 
molten salt may have a solidifying point about 50®C to 

25 about lOO^C lower than that of the organic salt with the 
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lowest solidifying point. In particular, when organic 
salts selected from the above <organic salts> are mixed, 
the resulting room-temperature molten salt of the present 
invention has a greatly lowered solidifying point than any 
5 of the individual starting organic salts. 

The method of mixing the organic salts is not 
limited, and may be a known method, for example, mixing in 
a mortar, mixing with a stirrer, or mixing with heating. 
When using the room-temperature molten salt of the present 

10 invention as a nonaqueous battery electrolyte or the like, 
it is preferable to mix the organic salts in a dry 
atmosphere to prevent moisture from being admixed. 

In particular, when the starting organic salts 
are solids around room temperature, purification is very 

15 easy since organic and inorganic impurities can be removed 
by a simple process, such as washing, recrystallization or 
the like. Thus, use of starting organic salts that are 
solid at room temperature makes it possible to obtain the 
room-temperature molten salt of the present invention in 

20 high purity. Accordingly, to obtain the room-temperature 
molten salt of the present invention in high purity, it is 
preferable that at least one of the starting organic salts 
is a solid at room temperature, and more preferably all of 
the starting organic salts are solids at room temperature. 

25 The room-temperature molten salt of the present 



-25- 

invention thus obtained has almost no vapor pressure, has 
high heat resistance, is liquid over a wide temperature 
range because of its low solidifying point, and has a high 
ionic conductivity. Moreover, especially when containing 
5 fluorine in the molecule, the room-temperature molten salt 
has the features of high flame retardancy and low 
viscosity. 

Since the room-temperature molten salt of the 
present invention is a mixture, it sometimes does not 

10 exhibit a clear solidifying point. Therefore, in this 

specification and the appended claims, ^'solidifying point" 
of the room-temperature molten salt of the present 
invention is intended to mean the value measured by the 
method described in Experiment 1. Specifically, the room- 

15 temperature molten salt of the present invention is placed 
in an inert gas (e.g., argon) atmosphere in an airtight 
container and cooled at a rate of 2 to S^'C/min, and the 
temperature at which the beginning of precipitation of the 
room-temperature molten salt as a solid is observed with 

20 the naked eye is determined as the ^^solidifying point". 

The ^^solidifying point" of the room-temperature 
molten salt as defined above can be measured with good 
reproducibility by the method of Experiment 1, but 
supercooling may occur before the precipitation of solids. 

25 Therefore, in addition to the above solidifying point 
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measurement, the precipitation temperature (glass 
transition temperature) of an amorphous solid of the room- 
temperature molten salt was measured using a differential 
scanning calorimeter (DSC) . 
5 These measurements reveal that some of the room- 

temperature molten salts according to the present 
invention have the feature of not having a melting point 
and not undergoing a phase change (primary phase change) 
in a temperature range from room temperature to extremely 

10 low temperatures. For example, this feature is noticeable 
in preferable room-temperature molten salts of the 
invention obtained by mixing two or more organic salts 
that are selected from the group consisting of the organic 
salts represented by formulae (V) and (VI) and are solids 

15 at room temperature. 

Specifically, as shown in Experiment 2, 
differential scanning calorimeter (DSC) measurements were 
performed on room-temperature molten salts according to 
the present invention (Examples 1, 3 and 4) and l-ethyl-3- 

20 methylimidazolium trif luoromethanesulf onate, i.e., a known 
room temperature-molten salt (Comparative Example 5) . The 
room-temperature molten salt of Comparative Example 5 was 
observed to have a melting point (Tm) around -IS'^C, while 
in respect of the room-temperature molten salts of 

25 Examples 1, 3 and 4, no melting point (Tm) was observed 
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and only a glass transition temperature (Tg) was observed 

around -50®C. These results demonstrate that the room- 
temperature molten salts of the present invention obtained 
in Examples 1, 3 and 4 undergo no phase change until, they 
5 reach the glass transition temperature around -50°C- Thus, 
salts that initially have a melting point can be easily 
converted, by being mixed, to a room-temperature molten 
salt that has no melting point and does not undergo a 
phase change until it reaches the glass transition 
10 temperature. 

Use of the room-temperature molten salt of the present 
invention 

Because of the above features, the room- 
temperature molten salt of the present invention can be 
used, singly or in combination with a solvent heretofore 
used in electrolytic solutions, as an electrolyte or 
electrolytic solution for lithium ion (primary or 
secondary) batteries. Examples of solvents heretofore 
used in electrolytic solutions include known nonaqueous 
organic solvents such as propylene carbonate, ethylene 
carbonate, diethyl carbonate, dimethyl carbonate, methyl 
ethyl carbonate, dimethoxyethane, y^J^^tyrolactone, methyl 
acetate, methyl formate, etc. The room-temperature molten 
salt of the present invention can be added as an 



15 



20 



25 
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electrolyte or a part of an electrolytic solution to these 
solvents to form an electrolytic solution. The 
electrolytic solution comprising the room-temperature 
molten salt of the present invention may further contain 
5 LiPFe, LiPF4(CF3)2f LiPF4 (C2F5) 2. LiPF4 (C3F7) 2^ LiAsFe, LiBF4, 
LiC104, LiCFsSOa, LiC4F9S03, LiN (CF3SO2) 2f LiN (C2F5SO2) 2/ 
LiN (C4F9S02)2f LiN {CF3SO2) (C4F9SO2) , LiC(CF3S02)3 and/or like 
lithium salts as an electrolyte. The concentration of the 
lithium salt electrolyte (s) is not limited, and a 

10 concentration of 0.5 mol/1 to 1.5 mol/1 is usually 
practical. Of course, it is preferable that the 
electrolytic solution have a water content not greater 
than 10 ppm. 

The above electrolyte and the room-temperature 

15 molten salt of the present invention can be used as an 
electrolyte for nonaqueous solutions with lithium ion 
conductivity, or for a gel electrolyte comprising the 
electrolyte immobilized in a polymer matrix, as described 
in, for example, J. Electrochem. Soc. , (2000) 147, 34. 

20 Especially when the room-temperature molten salt 

of the present invention is produced by mixing organic 
salts that are solids at room temperature, the starting 
organic salts can be purified by recrystallization or like 
processes, and as a result of the purification, the 

25 obtained room-temperature molten salt is free of inorganic 
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salt impurities. Therefore, such a room-temperature 
molten salt is especially preferable for use as lithium 
ion (primary or secondary) battery electrolytes or 
electrolytic solutions which are .required to have high 
5 purity. 

Moreover, as mentioned above, the room- 
temperature molten salt of the present invention is liquid 
over a wide temperature range, and thus the lithium ion 
battery of the present invention, which comprises the 
10 room-temperature molten salt as an electrolyte or a part 
of an electrolytic solution, has the feature of exhibiting 
stable battery characteristics in environments with a wide 
temperature range (e.g., in cold districts). 

In producing a lithium ion (primary or 
15 secondary) battery, known positive and negative electrodes, 
separators and the like can be used as such. 

The battery may have the shape of, for example, 
a cylinder, square, button, film or the like. 

Examples of negative electrode materials include 
20 lithium metals and alloys thereof, carbon or polymer 

materials capable of being doped and dedoped with lithium, 
lithium-intercalated compounds such as metal oxides, etc. 

Examples of positive electrode materials include 
complex oxides of lithium and a transition metal, such as 
25 LiCo02, LiNi02, LiMn204 and LiMnOa, polymer materials, etc. 
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Usable separators include, for example, porous 
membranes of polymer materials such as polyethylene and 
polypropylene, polymer materials capable of immobilizing 
the electrolytic solution of the present invention (so- 
5 called gel electrolyte), etc. 

Examples of collector materials include copper, 
aluminum, stainless steel, titanium, nickel, tungsten 
steel, carbon materials, etc. The collector may be in the 
form of, for example, a foil, net, nonwoven fabric, 

10 punched metal or the like. 

The room-temperature molten salt of the present 
invention can be used as a solvent in various organic 
synthesis reactions. The room-temperature molten salt has 
low solubility in water, and in particular, when the 

15 anionic moiety of the organic salts forming the room- 
temperature molten salt is Rf'SOa", (RfS02)2N" or 
(RfSOa) (Rf'S02)N*' wherein Rf, Rf and Rf" are as defined 
above, Ph4B", (C6H5)4B'", (P-CF3C6H4) 4B", [3, 5- (CF3) 2C6H3] 4B" or 
the like, the room-temperature- molten salt has extremely 

20 low solubility in water. Such a room-temperature molten 
salt makes it possible to construct a two-phase reaction 
system consisting of water and the room-temperature molten 
salt. Moreover, since the room-temperature molten salt is 
sparingly soluble in low-polarity organic solvents (e.g., 

25 toluene, ethyl acetate, diethyl ether, etc.), it is also 
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possible to construct a three-phase reaction system 
consisting of an organic solvent, water and the room- 
temperature molten salt. Further, the room-temperature 
molten salt has high heat resistance and therefore enables 
5 the selection of reaction conditions from a wide 

temperature range. Furthermore, the room-temperature 
molten salt, after being used as a reaction solvent, can 
be used as an extraction solvent for separation and 
purification as described below. 

10 The room-temperature molten salt of the present 

invention can also be used as an extraction solvent for 
separation and purification in organic synthesis reactions. 
For example, in a post-treatment of a reaction mixture 
containing a catalyst (e.g., a metal catalyst), when the 

15 reaction solvent is distilled off and then an ether and 

the room-temperature molten salt of the present invention 
are added to the residue, a two-phase system is formed in 
which the reaction product and catalyst are held in the 
ethereal phase and room-temperature molten salt phase, 

20 respectively. Therefore, the reaction product can be 

easily separated from the catalyst and purified. Moreover, 
in some types of reactions, the catalyst held in the room- 
temperature molten salt retains its activity and can be 
recycled. Thus, the room-temperature molten salt of the 

25 present invention is extremely useful as an 



-32- 

environmentally friendly solvent (see Chemistry, vol. 56, 
No. 5 (2001) ) . 

Furthermore, the room-temperature molten salt of 
the present invention has high heat resistance, is liquid 
5 over a wide temperature range and has high ion 

conductivity as mentioned above, and therefore can also be 
used as an electrolytic solution for plating. 

The room-temperature molten salt of the present 
invention does not undergo a phase change until it reaches 

10 an extremely low temperature, and has excellent low 

temperature properties. Because of these characteristics, 
the room-temperature molten salt is usable, besides in the 
above applications, as an electrolyte and/or electrolytic 
solution for fuel cells (in particular polymer electrolyte 

15 fuel cells), dye-sensitized solar cells, biological 

batteries or capacitors (in particular electric double 
layer capacitors) ; an electro-rheological fluid; a heat 
storage medium; a catalyst; etc. 

20 BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1 to 4 are graphs indicating. the results 
of the differential scanning calorimeter (DSC) 
measurements of the room-temperature molten salts of 
Examples 1, 3 and 4 and Comparative Example 5, 

25 respectively. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The following Examples illustrate the present 
invention in further detail, but are not intended to limit 
5 the scope thereof. 

A. Synthesis of starting organic salts 
Reference Example 1 

Synthesis of 1- (2, 2, 2-trif luoroethyl) -3-methylpyridinium 
trif luoromethanesulf onate 

10 3-methylpyridine (5 mmol, 487 \iL) and 2,2,2- 

trif luoroethyl trif luoromethanesulf onate (5 mmol, 1.16 g) 
in 1, 1, 1-trichloroethane (2 mL) were heated and refluxed 
for 1.5 hours. The layered reaction mixture was separated, 
and the reaction product was washed with 1,1,1- 

15 trichloroethane (2 mL) and vacuum-dried to thereby obtain 
a brown solid (865 mg, yield: 53.2%). Melting point: 67.7 
to 68.9*C. 

^H-NMR (CD3CN) : 8 2.55 (s, 3H) , 5.29 (q, J=8.2, 2H) , 8.04 
(dd, J=6.2, 8.0, IH), 8.50 (d, J=8.0, IH) , 8.62 (d, J=6.2, 
20 IH), 8.64 (s, IH) 

^^F-NMR (CD3CN) : 6 -78.08 (s, 3F) , -70.46 (t, J=8.2, 3F) 

Reference Example 2 

Synthesis of 1- (2, 2, 2-trif luoroethyl) -4-methylpyridinium 

25 trif luoromethanesulf onate 



The procedure of Reference Example 1 was 
followed to synthesize the title compound from the 
corresponding starting compounds. Yield: 99%. Melting 
point: 100.0 to lOl.O^'C. 
5 ^H-NMR {CD3CN) : 62.68 {s, 3H) , 5.29 (q, J=8.5, 2H) , 7.96 
(d, J=6.5, 2H), 8.62 (d, J=6.5, 2H) 

^^F-NMR (CD3CN) : 8-78.11 (s, 3F) , -70.80 (t, J=8.5, 3F) 

Reference Example 3 

10 Synthesis of 1- (2, 2, 3, 3-tetraf luoropropyl) -2- 
methylpyridinium trif luoromethanesulf onate 

The procedure of Reference Example 1 was 
followed to synthesize the title compound from the 
corresponding starting compounds. Yield: 99%. Melting 

15 point: 79.0 to 80.5*^0. 

^H-NMR (acetone-de) : 8 3.09 (s, 3H) , 5.71 (t, J=15.6, 2H) , 
6.76 (tt, J-52.2, 4.7, IH) , 8.18-9.19 (m, 4H) 
^^F-NMR (acetone-de) : 8-137.71 (dt, J=4.3, 52.2, 
2F), -120.80 120.50 (m, 2F) , -78.25 (s, 3F) . 

20 

Reference Example 4 

Synthesis of l-methyl-3- (2, 2, 2-trif luoroethyl) imidazolium 
trif luoromethanesulf onate 

The procedure of Reference Example 1 was 
25 followed to synthesize the title compound from the 
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corresponding starting compounds. Yield: 94%. Melting 
point: 51.0 to 51. 9*^0. 

^H-NMR (acetone-de) : 64.15 (s, 3H) , 5.42 (q, J=8.6, 2H) , 
7.85-7.95 (m, 2H) , 9.34 (s, IH) 
5 ^^F-NMR (acetone-de): 5-79.18 (s, 3F) , -71.53 (t, J=8.6, 3F) 

Reference Example 5 

Synthesis of 1- (2, 2, 2-trif luoroethyl) pyridinium 
bis [ (trif luoromethyl) sulf onyl] amide 

10 1- (2, 2, 2-trif luoroethyl) pyridinium 

trif luoromethanesulf onate (4.8 mmol, 1.50 g) , synthesized 
from the corresponding starting compounds by following the 
procedure of Reference Example 1, and LiN(S02CF3)2 (4.8 
mmol, 1.38 g) were heated in water (7.2 mL) at 70°C for 4 

15 hours. The layered reaction mixture was separated, and 

the reaction product was washed with 1, 1, 1-trichloroethane 
(2 mL) and water (2 mL) and vacuum-dried to thereby obtain 
a white solid (1.87 g, yield: 88%). Melting point: 38.3 
to 38.8*^0. 

20 ^H-NMR (acetone-de): 6 5.93 (q, J=8.2, 2H) , 8.43-9.50 (m, 5H) 
i^F-NMR (acetone-de): 6 -78.97 (s, 6F) , -70.91 (t, J=8.2, 3F) 

Reference Example 6 

Synthesis of 1- {2, 2, 2-trif luoroethyl) -4-methylpyridinium 
25 bis [ (trif luoromethyl) sulfonyl] amide 
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The procedure of Reference Example 5 was 
followed to synthesize the title compound from the 
corresponding starting compounds. Yield: 71.9%. Melting 
point: 60.3 to ei.l^'C. 
5 ^H-NMR (CD3CN) : 62.71 (s, 3H) , 5.27 (q, J=8.2, 2H) , 7.98 
(d, J=6.5, 2H), 8.59 (d, J=6.5, 2H) 

^^F-NMR (CD3CN) : 6-78.95 {s, 6F) , -70.79 (t, J=8.2, 3F) 

B. Production of the room-temperature molten salt of the 
10 present invention 
Example 1 

1- (2, 2, 2-trif luoroethyl) -3-methylpyridinium 
trif luoromethanesulf onate (30 mg) and l-{2,2,2- 
trif luoroethyl) pyridinium bis [ (trif luoromethyl) sulf onyl] 
15 amide (30 mg) were fully mixed in a mortar in a dry 
atmosphere, to thereby obtain a product that was a 
colorless transparent liquid at room temperature. 

Example 2 

20 1- (2, 2, 2-trif luoroethyl) -4-methylpyridinium 

trif luoromethanesulf onate (30 mg) and l-(2,2,2- 
tr if luoroethyl) pyridinium bis [ (trif luoromethyl) sulf onyl] 
amide (30 mg) were mixed in the same manner as in Example 
1, to thereby obtain a product that was a light yellow 

25 transparent liquid at room temperature. 
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Example 3 

1- (2, 2, 3, 3-tetraf luoropropyl) -2-methylpyriciiniuin 
trif luoromethanesulfonate (30 mg) and 1- (2,2,2- 
5 trif luoroethyl) pyridinium bis [ (trif luoromethyl) sulf onyl] 
amide (30 mg) were mixed in the same manner as in Example 
1, to thereby obtain a product that was a colorless 
transparent liquid at room temperature. 



10 Example 4 

1 -methyl- 3- (2,2^ 2- trif luoroethyl ) imidazolium 
trif luoromethanesulfonate (30 mg) and 1- (2,2,2- 
trif luoroethyl) pyridinium bis [ (trif luoromethyl) sulfonyl] 
amide (30 mg) were mixed in the same manner as in Example 
15 1, to thereby obtain a product that was a light yellow 
transparent liquid at room temperature. 



Example 5 

1- (2, 2, 2 -trif luoroethyl) -3-methylpyridinium 
20 trif luoromethanesulfonate (30 mg) and l-(2,2,2- 

trif luoroethyl) -4-methylpyridinium bis [ (trif luoromethyl ) 
sulf onyl] amide (30 mg) were fully mixed in the same manner 
as in Example 1, to thereby obtain a product that was a 
light yellow transparent liquid at room temperature. 



25 
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Example 6 

1- (2, 2/ 3, 3-tetraf luoropropyl) -2-methylpyridiniiain 
trif luoromethanesulf onate (30 mg) and l-(2,2,2- 
trif luoroethyl) -4-inethylpyridinium bis [ (trif luoromethyl) 
5 sulfonyl] amide (30 mg) were fully mixed in the same manner 
as in Example 1, to thereby obtain a product that was a 
colorless transparent liquid at room temperature. 

Example 7 

10 1- (2, 2, 2-tr if luoroethyl) -3-methylpyridinium 

trif luoromethanesulf onate (30 mg) , l-(2,2,2- 
trif luoroethyl) pyridinium bis [ (trif luoromethyl) sulfonyl] 
amide (30 mg) and 1- (2, 2, 2-trif luoroethyl) -4- 
methylpyridinium bis [ (trif luoromethyl) sulfonyl] amide (30 

15 mg) were fully mixed in a mortar in a dry atmosphere, to 
thereby obtain a colorless transparent product that was 
liquid at room temperature. 

Example 8 

20 l-methyl-2-ethylpyridinium 

trif luoromethanesulf onate (30 mg) and 1- (2,2,2- 
trif luoroethyl) pyridinium bis [ (trif luoromethyl) sulfonyl] 
amide (30 mg) were mixed in the same manner as in Example 
1, to thereby obtain a colorless transparent product that 

25 was liquid at room temperature. 
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The solidifying point of l-methyl-2- 
ethylpyridinium trif luoromethanesulf onate measured by the 
method described in Experiment 1 was -39®C. 

Example 9 

l-methyl-2-ethylpyridinium trif luoromethane- 
sulfonate (30 mg) and l-methyl-3- (2 , 2, 2- 

trif luoroethyl) imidazolium bis [ (trif luoromethyl) sulfonyl] 
amide (30 mg) were mixed in the same manner as in Example 
1, to thereby obtain a colorless transparent product that 
was liquid at room temperature. 

The solidifying point of l-methyl-3- (2, 2, 2- 
trif luoroethyl) imidazolium bis [ (trif luoromethyl) sulfonyl] 
amide measured by the method described in Experiment 1 was 
-66^C. 

Experiment 1 (measurement of solidifying point) 

The solidifying points of the room-temperature 
molten salts obtained in Examples 1 to 7 were measured by 
20 the following method: Each room-temperature molten salt 

was placed in an argon atmosphere in an airtight container 
and cooled at a rate of 2°C to 3°C/min. The temperature at 
which the room-temperature molten salt began to 
precipitate as a solid was determined as the solidifying 
25 point. Table 1 shows the measurement results. 



10 
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Table 1: Solidifying point of 
room-temperature molten salt 



Example 


Solidifying 
ooint (°C) 


1 


-87. 0 


2 


-60. 0 


3 


-78. 7 


4 


-85. 0 


5 


-72. 7 


6 


-72. 8 


7 


< -90. 0 


8 


< -90. 0 


9 


< -90. 0 



5 Table 1 reveals that all the room-temperature 

molten salts had a very low solidifying point. 

Comparative Example 1 

1- (2, 2, 2-trif luoroethyl) -3-methylpyridinium 
10 trif luoromethanesulf onate (30 mg) and l-(2,2,2- 
trif luoroethyl) -4-methylpyridinium 

trif luoromethanesulf onate (30 mg) were mixed in the same 
manner as in Example 1^ but the resulting mixture remained 
solid at room temperature. 

15 

Comparative Example 2 



I 
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1- (2, 2^ 2-trif luoroethyl) -2-methylpyridinium 
trif luoromethanesulf onate (30 mg) and l-(2,2,2- 
tr if luoroethyl) -4-methylpyridiniuin trif luoromethane- 
sulf onate (30 mg) were mixed in the same manner as in 
5 Example 1, but the resulting mixture remained solid at 
room temperature . 

Comparative Example 3 

1- (2, 2, 2-trif luoroethyl) -4-methylpyridinium 
10 bis [ (trif luoromethyl) sulfonyl] amide (30 mg) and l-(2,2,2- 
tr if luoroethyl) pyridinium bis [ (trif luoromethyl) sulfonyl] 
amide (30 mg) were mixed in the same manner as in Example 
1, but the resulting mixture remained solid at room 
temperature. 

15 

Comparative Example 4 

1- (2, 2, 2-trif luoroethyl) -4-methylpyridinium 
trif luoromethanesulf onate (30 mg) and 1- (2^2,2- 
trif luoroethyl) -4-methylpyridinium bis [ (trif luoromethyl ) 
20 sulfonyl] amide (30 mg) were mixed in the same manner as in 
Example 1, but the resulting mixture remained solid at 
room temperature. 

As is apparent from the above, when two or more 
25 different organic salts with the same anionic or cationic 
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moiety are mixed, the solidifying point lowers only 
slightly as compared with in the room-temperature molten 
salt of the present invention, and the resulting mixture 
is not liquid at room temperature. This matter is 
5 specifically demonstrated by Comparative Examples 1, 2 and 
3 in which two types of organic salts with the same 
anionic moiety were mixed, and in Comparative Example 4 in 
which two types of organic salts with the same cationic 
moiety were mixed. 

10 In contrast, when organic salts that were 

different not only in cationic moiety but also in anionic 
moiety were mixed, the resulting mixture was liquid and 
had a remarkably lowered solidifying point. Comparison 
between Example 2 and Comparative Example 3 illustrates 

15 this point. 

Experiment 2 (differential scanning calorimeter (DSC) 
measurement) 

Differential scanning calorimeter (DSC) 

20 measurements were carried out on the room-temperature 
molten salts of Examples 1, 3 and 4 and on l-ethyl-3- 
methylimidazolium trif luoromethanesulf onate, which is a 
room-temperature molten salt obtained from Aldrich 
(Comparative Example 5) . A DSC-50 of Shimadzu Corp. was 

25 used for the measurements. Five milligrams of sample was 
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weighed out, sealed in an aluminium cell, and placed in 
the DSC chamber together with a reference (an empty 
aluminium cell) . While being purged with nitrogen at a 
rate of 20 ml/min, the chamber was cooled from room 
5 temperature to -120°C at a rate of l^^C to 5®C/min using 
liquid nitrogen. After being maintained at -120**C for 30 
minutes, the chamber temperature was raised to 100°C at a 
rate of lO^C/min, and the data obtained during the 
temperature rise was collected. Figs. 1 to 4 shows the 

10 measurement results. 

The figures reveal that the melting point (Tm) 
was observed around -13**C in Comparative Example 5, 
whereas in Examples 1, 3 and 4, no melting point (Tm) was 
observed and only the glass transition temperature (Tg) 

15 was observed around -60°C. 



INDUSTRIAL APPLICABILITY 
According to the present invention, at least two 
types of organic salts that are different from each other 
20 both in anionic moiety and cat ionic moiety are mixed, with 
the result that the solidifying point is remarkably 
lowered and a liquid mixed organic salt (room-temperature 
molten salt) with a lower solidifying point is obtained. 

Preferably, at least one, and more preferably 
25 all, of the organic salts to be mixed are solids at room 
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temperature . By mixing organic salts that are solids at 
room temperature, the solidifying point is lowered, 
thereby giving a mixed organic salt that is liquid at room 
temperature (room- temperature molten salt) . In this case, 
5 the starting organic salts are all solids at room 

temperature, and can therefore be easily purified to a 
high purity by recrystallization or like processes. By 
mixing such high-purity organic salts, the room- 
temperature molten salt of the present invention can be 

10 easily obtained in high purity. 

The room-temperature molten salt of the present 
invention has a remarkably lower solidifying point and 
retains its liquid state over a wider temperature range 
than single-component room-temperature molten salts, and 

15 therefore shows promise for a wide variety of applications. 
Moreover, unlike single-component room-temperature molten 
salts, the room-temperature molten salt of the present 
invention can be given various properties suitable for 
various applications by appropriately selecting the types 

20 and proportions of the starting organic salts. 

Due to the above features, the room-temperature 
molten salt of the present invention can be suitably used 
for nonaqueous battery electrolytes or electrolytic 
solutions, which are required to have high purity. 

25 Further, the room-temperature molten salt of the present 
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invention has a very low solidifying point, and thus can 
provide a battery with excellent low-temperature 
properties - 

The room-temperature molten salt of the present 
5 invention can also be used as a solvent for various 

organic synthesis reactions and as an extraction solvent 
for separation and purification in organic synthesis. 

Further, since the room-temperature molten salt 
of the present invention has high heat resistance, is 
10 liquid over a wide temperature range and has high ionic 
conductivity, it can also be used as an electrolytic 
solution for various plating processes. 

The room-temperature molten salt of the present 
invention does not undergo a phase change until it reaches 
15 a low temperature and has excellent low temperature 
properties. Because of these features, the room- 
temperature molten salt can be used as an electrolyte 
and/or electrolytic solution for fuel cells, dye- 
sensitized solar cells, biological batteries or 
20 capacitors, an electro-rheological fluid, a heat storage 
medium, a catalyst, etc. 



